Despite widespread use of Geographic Information System (GIS) technology to strengthening health systems, the application of GIS to health systems strengthening in resource-poor Sub-Saharan Africa remains rare. Over the June 2012 to December 2013 period, the Ghana Health Service (GHS) conducted a pilot application of GIS to health systems development in one rural impoverished district of the Upper East Region (UER). Workers were deployed to gather coordinates of health care facilities throughout the UER. Coordinates were linked to routine health information data, and utilized to generate maps for guiding task prioritization. For example, geocoded Community-based Management of Severe Acute Malnutrition (CMAM) program data were used to target services in communities where the prevalence of childhood acute malnutrition was relatively high. GIS was pivotal in tracking and responding to infectious disease morbidity from causes such as diarrheal diseases and tuberculosis. UER Regional Health Administration (RHA) authorities are currently utilizing GIS to map antenatal care coverage, skilled birth deliveries, neonatal mortality, still births, family planning service caseloads as well as for targeting programmatic action. Experience emerging from this trial attests to the value of GIS in contributing to efforts to strengthen health systems in rural impoverished regions of Africa.
GIS is particularly important to the processes of tracking and responding to infectious disease outbreaks.
In 2007, the World Health Organization (WHO) published a framework for the strengthening of health systems. 2 The WHO framework specified six interlinked "building blocks" comprised of activities and policies that were defined as "pillars" to strengthen health systems. 2 Of these, "information for decision-making" represents a critical component of systems functioning. 
Mapping Healthcare Locations
All Government of Ghana sponsored health Each CHPS facility serves a catchment area termed a "zone" typically comprised of three to five villages with a combined population of less than 5,000.
CHPS "compounds" where services are provided are strategically placed to focus on preventive care and the provision of basic primary health care. CHPS aims to "transform the primary health care system by shifting to a programme of mobile community-based care
provided by a resident nurse, as opposed to conventional facility-based" 14 care. Although GHS policy aims to equip each zone with a constructed facility, the location of a CHPS compound can be located in a temporary structure such as a school (after classes or on weekends), a chief's palace, or an interim facility refurbished or constructed with volunteer labor. The CHPS facilities refer cases to clinics, health centers and hospitals located at the sub-district and district levels.
Health centers situated at the sub-district level usually refer cases to district hospitals, which serve as the first referral point in the GHS primary health care system 15 .
The regional hospital (the largest health care establishment in UER) is the second referral level which addresses highly specialized clinical and diagnostic care. shown in Figure 3 , the coverage that each CHPS facility would have to achieve if CMAM childhood care were to achieve its targets. A 5-kilometer limit was used because official Ghana Health Service policy aims to ensure universal access to primary health care by establishing a geographic density of CHPS service points that defines a catchment radius that is no greater than 5
-kilometers for any given service provision zone.
After creating the buffers defined by the underfive kilometer criterion, four CHPS facilities (Wupiensa, Jagsa, Kasiesa and Luisa) were found to be responsible for care service in over 10 communities (Figure 3) . In some cases, the onsite community workers claimed they had to refer cases to other CHPS locations which were relatively remote and usually difficult to visit. In response to this problem, the health administrators instituted "on the job coaching" at each of the four facilities to orient workers on how to care for severely 
GIS Activities on a Regional Level
Based on the success of the Builsa South GIS pilot program, the RHA scaled up GIS usage and analysis throughout the UER, commencing with geocoding for facility and community mapping in all 13 districts. A district-wide appraisal has determined which communities lack appropriate access to health facilities.
GIS has enabled regional managers to target investment in expanding CHPS coverage in those locations. Experience emerging from our pilot attests to the need for sustaining implementation research on GIS and expanding the application of this technology in resourcepoor settings throughout Africa.
